SUPPLEMENTARY MATERIAL
A
B. Details of model establishment and algorithm modification
For the bilayers with dimensions in the range of those experimentally investigated, it is far from being a straightforward calculation due to the Another significant issue is to simulate the spin configuration of the FeAu SG, because in the simplest mean-field approximation the SG ordering is nonunique and the thermodynamic states are degenerate, i.e., a macroscopic property may correspond to different microscopic configurations. The details of these states will depend on the precise values of interactions and so vary from sample to sample. Moreover, the RKKY interactions exist in the FeAu SG and may play a key role in the novel EB behaviors like in the CuMn SG [9] . Nevertheless, if the alloy is very dilute, positive and negative signs of J will be equally likely and the decay of the J strength as the minus third power of distance is rapid. A large number of randomly chosen J are uniformly distributed throughout the SG and an average over them is zero. In line with the proposal of Zhan et al [10] , we simplify these long-range interactions to describe the SG by the short-range ±J frustration model [11, 12] so that the quantities of J SG and J IF are independent random variables setting the values ±J 0 (J 0 > 0) according to the probability distribution
where p = 0.5 denotes the concentration of positive bonds (i.e., FM interactions) being randomly distributed in the systems. They are unchanged during the simulations (quenched disorder).
Finally, a modified Monte Carlo technique is proposed to update the spin states.
In the standard Monte Carlo Metropolis algorithm [13] , changes of the spin orientation are accepted or rejected according to a single-site transition probability,
Remarkably, the probability is T-dependent and only determined by the energy difference between trial (E trial ) and initial states (E initial ) of the spin. However, the spin energy is a function of polar and azimuthal angles of the spin. That is, the spin energy is instantly changing during the spin rotation, which should be also responsible for W.
Accordingly, Du et al [14] has proposed a path-related Metropolis algorithm. In a time unit (i.e., in a Monte Carlo step), they calculate the curved surface of energy of every spin to judge whether energy maxima exist in the rotation path from the initial to trial state. If so, E trial in equation (2) is replaced by the saddle-point energy (E saddle ), which is defined as the minimum value of the energy maxima, to determine the acceptance or rejection of the trial state. Thus, it reads 
